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(57) ABSTRACT

A method for manufacturing a coated part having very high
mechanical properties using hot forming techniques. The
method includes: —providing an annealed steel strip or blank
or pre-shaped part that was coated with a metal or metal alloy
before the annealing —if a strip is provided, cutting a blank
from the strip before or after the annealing —optionally form-
ing a pre-shaped part from the blank —heating the blank or
preshaped part to a temperature of 500° C. at an average
heating rate of 16° C./s or more —further heating the blank or
pre-shaped part to a temperature between 700 and 1000° C.
—hot forming the blank or preshaped part into a hot formed
part—hardening the hot formed part. A method for manufac-
turing a coated steel strip, blank or pre-shaped part, and a
coated steel strip, blank or part and a hot formed part.

25 Claims, 1 Drawing Sheet
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METHOD FOR HOT FORMING A COATED
METAL PART AND FORMED PART

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a §371 National Stage Application of International
Application No. PCT/EP2011/003601 filed on 19 Jul. 2011,
claiming the priority of European Patent Application No.
10009041.4 filed on 31 Aug. 2010.

FIELD OF THE INVENTION

The invention relates to a method for manufacturing a
coated part using hot forming techniques. The invention also
relates to a method for manufacturing a coated steel strip,
blank or pre-formed part for the hot forming method, and to a
coated steel strip, blank, part or pre-formed part and a hot
formed part.

The use of hot forming techniques for the forming of a part
is well known, especially for automotive purposes. Starting
from a sheet that can be easily formed, the hot forming tech-
niques provide a formed part having very high mechanical
properties, such as a tensile strength above 1200 MPa.

BACKGROUND OF THE INVENTION

Usually the hot forming is performed by providing a blank,
heating the blank to a temperature between 700° and 1000° C.
and keeping the blank at that temperature for a few minutes,
placing the heated blank in a hot forming apparatus, forming
the blank into a part in the hot forming apparatus, and hard-
ening the hot formed part.

When using uncoated steel, the heating of the blank before
the hot forming in a hot forming apparatus can be performed
under a protective atmosphere to prevent oxidation and decar-
burization of the steel. However, the hot forming itself and the
hardening take place in air, and thus oxidation occurs; there-
fore, after the hot forming the hot formed parts must be
descaled. To overcome this drawback, in the last ten years it
has been proposed to use coated steel sheets, which sheets are
heated to a temperature above the Acl temperature. During
the heating a diffusion layer is formed between the coating
and the steel sheet, providing protection against oxidation and
a good adherence of the coating to the steel sheet, also at the
elevated temperatures which are used for hot forming.

Though a protective atmosphere is not necessary anymore
when using coated steel sheets, the known method has some
drawbacks. One of the main problems is that the heating
velocity of the coated steel sheets has been found to be criti-
cal. This makes the whole process more difficult to control. It
also results in the heating of a steel sheet taking a considerable
time, for instance 5 minutes, whereas the hot forming in the
hot forming apparatus and the subsequent hardening can be
performed in less than 1 minute. Manufacturing at a high
production rate, as made possible by the hot forming appara-
tus, can be performed by heating a number of coated steel
sheets in an oven. However, when there is a delay at the hot
forming apparatus the coated steel sheets remain too long in
the oven, which means that they have to be scrapped. This has
a considerable influence on the cost of the hot forming pro-
cess. Moreover, the oven has to be very long.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method for
manufacturing a coated part using hot forming techniques,
which makes it possible to control the process in a more
flexible and robust manner.
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It is also an object of the invention to provide a method for
manufacturing a coated part using hot forming techniques,
which makes it possible to easily and effectively produce hot
formed parts.

Itis a further object of the invention to provide a method for
manufacturing a coated part using hot forming techniques,
which is more cost-effective than the known method.

Furthermore, it is an object of the invention to provide a
coated steel strip, a coated steel blank and a coated pre-shaped
part, and a method to produce these, which can be used in the
method according to the invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows the heating curves for a substrate covered
with two different coatings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the invention one or more of these objects is
reached by providing a method for manufacturing a coated
part having very high mechanical properties using hot form-
ing techniques, comprising the following steps:

1. providing an annealed steel strip or blank or pre-shaped
part that has been coated with a metal or metal alloy
before the annealing

2. if a strip is provided, cutting a blank from the strip before
or after the annealing

3. optionally forming a pre-shaped part from the blank

4. heating the blank or pre-shaped part to a temperature of
500° C. at an average heating rate of 16° C./s or more

5. further heating the blank or pre-shaped part to a tem-
perature between 700 and 1000° C.

6. hot forming the blank or pre-shaped part into a hot
formed part

7. hardening the hot formed part.

The inventors have found that due to the use of annealed
coated steel, the heating of the annealed steel strip or blank or
pre-shaped part can be performed at an average heating rate of
16° C./s or more up to a temperature of 500° C. In this way, the
heating of the blank or pre-shaped part before the hot forming
thereof can be performed much faster than usual. The heating
of'the blank or pre-shaped part can now be performed within
3 minutes before the blank or pre-shaped part is taken out of
the oven and put in the hot forming apparatus. This fast
heating according to the invention is possible using a blank,
which is used in the direct hot forming process, or using a
pre-shaped part, which is used in the indirect hot forming
process.

According to a preferred embodiment, the blank or pre-
shaped part in step 4 is heated to a temperature of 625° C. at
an average heating rate of 16° C./s or more, and further heated
in step 5 to a temperature between 700 and 1000° C. before
the blank or pre-shaped part is hot formed. By heating the
blank or pre-shaped part to a temperature of 700° C. at the
high heating rate of 16° C./s or more, the heating of the blank
or pre-shaped part can be performed in an even shorter time
period.

According to a further preferred embodiment, the blank or
pre-shaped part in step 4 is heated to a temperature of 700° C.
at an average heating rate of 16° C./s or more, and optionally
further heated in step 5 to a temperature between 700 and
1000° C. before the blank or pre-shaped part is hot formed. By
heating the blank or pre-shaped part to a temperature of 700°
C. at the high heating rate of 16° C./s or more, the heating of



US 9,127,329 B2

3

the blank or pre-shaped part can be performed in an even
shorter time period of less then 2 minutes.

According to a further preferred embodiment, the blank or
pre-shaped part in step 4 is heated to a temperature between
700and 900° C. at an average heating rate of 16° C./s ormore,
and optionally further heated in step 5 to a temperature of at
most 1000° C. before the blank or pre-shaped part is hot
formed. By heating the blank or pre-shaped part to a tempera-
ture between 700 and 900° C. at the high heating rate of 16°
C./s or more, the heating of the blank or pre-shaped part can
be performed in a very short time period of less then 90
seconds when the average heating rate of 16° C./s or more is
used to temperatures above the Acl temperature.

Preferably the metal or metal alloy is zinc or a zinc alloy.
The inventors have found that the use of an annealed zinc or
zinc alloy coating makes it possible to use very high heating
rates.

According to a preferred embodiment the coating on the
blank or pre-shaped part remains solid during step 4 and step
5. This has of course the advantage that the coating remains
on the blank or pre-shaped part, and especially for pre-shaped
parts remains evenly spread on non-horizontal portions of the
pre-shaped part and does not flow. Because the coating
remains solid it does not stick to handling equipment. More-
over, no energy is needed to transform the coating from the
solid into the liquid state.

Preferably, the heating rate is 20° C./s or more, and more
preferably 25° C./s or more. These high heating rates make it
possible to heat the coated blank or pre-shaped part before the
hot forming of the part in a time period shorter than one
minute.

Preferably, in step 4 the blank or pre-shaped part is heated
at an average heating rate of at most 50° C./s. Higher heating
rates make it difficult to control the highest temperature to
which the blank or pre-shaped part are heated.

According to a preferred embodiment, the steel has the
following composition in weight percent:

0.1<C<0.5

0.5<Mn<3.0

0.1<8i<0.5

Cr<1.0

Ti<0.2

Al<0.1

P<0.1

$<0.05

0.0005<B<0.08

optionally:

Nb<0.1

V<0.1

unavoidable impurities

the remainder being iron.

Though other metal composition are also possible, ithas been
found that the steel composition as given above will give very
good results in most cases.

According to a preferred embodiment the metal alloy is a
zinc alloy having the following composition in weight per-
cent:

1.0<Al<5.0, preferably 1.5<Al1<2.0

1.0<Mg<5.0, preferably 1.5<Mg<2.0

at most 0.2 in total of one or more standard alloying ele-

ments remainder zinc and inevitable impurities.
The inventors have found that using a zinc alloy having this
composition, the blank or pre-shaped part can be heated at
very high heating rates above 16° C./s. The standard alloying
elements are Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi.

According to a second aspect of the invention there is
provided a method for manufacturing the annealed steel strip

4

or blank or pre-shaped part that has been coated with a metal
or metal alloy before the annealing as provided in the first
aspect of the invention, comprising the following steps:
1—providing a steel strip or blank or pre-shaped part
5 2——coating the steel with a layer of metal or metal alloy,
preferably zinc or zinc alloy

3—heating the coated steel to a temperature between 700°

C. and 1000° C. and keeping the strip or blank or pre-
shaped part at that temperature during a time period of at
most 30 minutes

4——cooling the coated steel.

This method for manufacturing a coated and annealed steel
strip or blank or pre-shaped part is thus performed indepen-
dently from the hot forming process as such. The choice for a
high diffusion temperature between 700° C. and 1000° C.
means that a relatively short production time for the forming
of' the diffusion layer can be obtained.

Preferably in the method according to the second aspect of
20 theinvention, if a strip is provided the steel strip is cut to form
a blank from the strip, and a pre-shaped part is formed from
the blank after step 1, 2, 3 or 4. Since blanks or pre-shaped
parts are used in the hot forming process, it is preferred to
store and transport blanks or pre-shaped parts which can be
directly used in the hot forming process.

According to a third aspect of the invention the coated steel
strip, blank, part or pre-shaped part as produced according to
the method of the second aspect of the invention is provided
with a coating of zinc or zinc alloy, wherein the outer layer of
30 the coating on average contains more than 5 weight % Fe over
a depth of 3 um. A coated steel having more than 5 weight %
Fe over a depth of 3 um can be used in the hot forming of the
blank or pre-shaped part.

Preferably the outer layer of the coating on average con-
tains more than 10 weight % Fe over a depth of 3 um, more
preferably more than 20 weight % Fe, still more preferably
more than 30 weight % Fe, and most preferably more than 40
weight % Fe. A higher amount of Fe in the outer layer of the
coating means that the coating and the Fe from the steel have
40 better diffused.

According to a fourth aspect of the invention a hot formed
coated part is provided that is manufactured using the method
according to the first aspect of the invention.

The invention will be elucidated referring to the experi-
ments hereinafter.

FIG. 1 shows the heating curves for a substrate covered
with two different coatings.

The substrate is a 1.5 mm thick 22MnBS5 boron steel.

Example 1 is a blank which is covered by a zinc alloy
50 containing 1.6 weight % Al to and 1.6 weight % Mg, the
remainder being zinc. The coating has a coating weight of 140
g/m® (70 g/m® per side).

Example 2 is a blank which is covered by the same coating
as in example 1, but the blank has been annealed at 750° C.
Due to the annealing, the average Fe content of the coating is
more than 20%.

The two blanks have been put in an oven together. The oven
temperature had been set on 920° C. The blanks have been
heated to a temperature of approximately 850° C.; the tem-
60 perature of the blanks has been measured using a thermo-
couple.

FIG. 1 shows the heating curves of the blanks. The hori-
zontal axis shows the dwell time t of the blanks in the oven in
seconds; the vertical axis shows the temperature T of the
blanks in ° C.

Inspection of the blanks showed that the coating of
example 1 became liquid.
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The coating of example 2 remained solid through the full
heating up to 850° C.

FIG. 1 shows that the blank of example 2 is heated with a
heating rate of more than 16° C./s up to a temperature of 500°
C., and that the average heating rate is 16° C. up to a tem-
perature of approximately 650° C. Contrary to this the heating
rate of the blank of example 1 is far below 16° C./s.

The time to reach the Ac3 temperature, at which the steel
will fully transform into austenite and which is approximately
850° C./s for the present substrate, is approximately 110
seconds for example 2 and approximately 180 seconds for
example 1.

After the blanks have reached the Ac3 temperature they can
be given some additional time to homogenise into austenite
before they can be put in a hot forming apparatus.

The invention claimed is:

1. A method for manufacturing a coated part having tensile
strength above 1200 MPa using hot forming techniques, com-
prising the following steps:

1. providing an annealed workpiece selected from the
group consisting of a strip or a blank, said workpiece
having a thickness of 1.5 mm, said workpiece compris-
ing a steel substrate coated with zinc or a zinc alloy
before the annealing, wherein providing the annealed
workpiece comprises the following steps:

A. providing the steel strip or blank substrate,

B. coating the steel substrate with a layer of zinc or zinc
alloy,

C. heating the coated steel to anneal the coated steel, and

D. cooling the annealed coated steel to result in the
annealed workpiece, wherein the outer layer of the
coating of the annealed workpiece on average con-
tains more than 20 weight % Fe over a depth of 3 um,

2. if a strip substrate is provided, cutting a blank from the
strip before or after the annealing,

3. optionally forming a pre-shaped part from the blank,

4. initial heating comprising heating the blank or pre-
shaped part at an average heating rate of 16° C./s ormore
from ambient temperature to a step 4 temperature
selected from the group consisting of 500° C., 625° C.,
and 700° C.,

5. further heating the blank or pre-shaped part from the step
4 temperature to a temperature above an Acl tempera-
ture of the steel substrate which is between 700 and
1000° C. in an oven,

6. hot forming the blank or pre-shaped part from the step 5
into a hot formed part in a hot-forming apparatus,

7. hardening the hot formed part,

wherein the total time of steps 4 and 5 is 3 minutes or less,
wherein the zinc alloy consists of the following compo-
sition in weight percent:
1.0<Al<5.0,
1.0<Mg<5.0,
at most 0.2 in total of one or more standard alloying

elements Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi
remainder zinc and inevitable impurities.

2. The method for manufacturing a coated part according to
claim 1, wherein the step 4 temperature is 625° C.

3. The method according to claim 2, wherein the zinc alloy
consists of the following composition in weight percent:

1.5<Al<2.0

1.5<Mg<2.0

at most 0.2 in total of one or more standard alloying ele-
ments Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi

remainder zinc and inevitable impurities.
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4. The method for manufacturing a coated part according to
claim 2, wherein said average heating rate to a temperature of
625°C.1s 16° C./s to 25° C./s.

5. The method for manufacturing a coated part according to
claim 1, wherein the step 4 temperature is 700° C.

6. The method according to claim 5, wherein the zinc alloy
consists of the following composition in weight percent:

1.5<A1<2.0

1.5<Mg<2.0

at most 0.2 in total of one or more standard alloying ele-

ments Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi
remainder zinc and inevitable impurities.
7. The method for manufacturing a coated part according to
claim 5, wherein said average heating rate to a temperature of
700° C.is 16° C./s to 25° C./s.
8. The method for manufacturing a coated part according to
claim 5, wherein the combined heating of step 4 and step 5
consists of heating the blank or pre-shaped part to a tempera-
ture between 700 and 900° C. at an average heating rate of 16°
C./sto 25° CJs.
9. The method for manufacturing a coated part according to
claim 8, wherein total time of steps 4 and 5 is 1.5 to 3 minutes.
10. The method for manufacturing a coated part according
to claim 5,
wherein step C comprises heating the coated steel to a
temperature between 700° C. and 1000° C. and keeping
the strip or blank at that temperature during a time period
of at most 30 minutes to anneal the coated steel,

wherein step 4 comprises heating the blank or pre-shaped
part to the step 4 temperature of 700° C. at an average
heating rate of 25° C./s or more and step 5 further heats
the blank or pre-shaped part from the step 4 temperature
to a temperature between 700 and 1000° C., wherein
total time of steps 4 and 5 is 1 to 3 minutes.
11. The method for manufacturing a coated part according
to claim 1,
wherein the step 4 temperature is 500° C.,
wherein step C comprises heating the coated steel to a
temperature between 700° C. and 1000° C. and keeping
the strip or blank at that temperature during a time period
of at most 30 minutes to anneal the coated steel,

wherein the combined heating of step 4 and step 5 heats the
blank or pre-shaped part to a temperature between 700
and 900° C. atan average heating rate of 16° C./s or more
and optionally step 5 further heats the blank or pre-
shaped part to a temperature between the temperature
and said 1000° C.

12. The method according to claim 1, wherein the coating
on the blank or pre-shaped part remains solid during step 4
and step 5.

13. The method according to claim 1, wherein in step 4 the
blank or pre-shaped part is heated at an average heating rate of
16° C./s to 50° C./s.

14. The method according to claim 1, wherein the steel
substrate has the following composition in weight percent:

0.1<C<0.5

0.5<Mn<3.0

0.1<8Si<0.5

Cr<1.0

Ti<0.2

Al<0.1

P<0.1

$<0.05

0.0005<B<0.08
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optionally:

Nb<0.1

V<0.1

unavoidable impurities

the remainder being iron.

15. The method according to claim 1, wherein the zinc
alloy consists of the following composition in weight percent:

1.5<Al<2.0

1.5<Mg<2.0

at most 0.2 in total of one or more standard alloying ele-
ments Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi

remainder zinc and inevitable impurities.

16. The method for manufacturing a coated part according
to claim 1, wherein said average heating rate to a temperature
of 500° C. is 16° C./s to 25° C./s.

17. The method according to claim 1, wherein the blank or
pre-shaped part is heated in the oven to above the Acl tem-
perature of the steel substrate at a heating rate of 16° C./s or
more.

18. The method according to claim 1, wherein the blank or
pre-shaped part is heated in the oven to an Ac3 temperature of
the steel substrate and given additional time to homogenize
into austenite before being put into the hot forming apparatus.

19. A method for manufacturing a coated part having ten-
sile strength above 1200 MPa using hot forming techniques,
comprising the following steps:

1. providing an annealed workpiece selected from the
group consisting of a strip or a blank, said workpiece
having a thickness of 1.5 mm, said workpiece compris-
ing a steel substrate coated with zinc or a zinc alloy
before the annealing, wherein providing the annealed
workpiece comprises the following steps:

A. providing the steel strip or blank substrate,

B. coating the steel substrate with a layer of zinc or zinc
alloy,

C. heating the coated steel to anneal the coated steel, and

D. cooling the annealed coated steel to result in the
annealed workpiece, wherein the outer layer of the
coating of the annealed workpiece on average con-
tains more than 20 weight % Fe over a depth of 3 um,

2. if a strip substrate is provided, cutting a blank from the

strip before or after the annealing,
. optionally forming a pre-shaped part from the blank,

4. initial heating comprising heating the blank or pre-
shaped part at an average heating rate of 16° C./s to 25°
C./s from ambient temperature to a step 4 temperature
selected from the group consisting of 500° C., 625° C.,
and 700° C.,

5. further heating the blank or pre-shaped part from the step
4 temperature to a temperature above an Acl tempera-
ture of the steel substrate which is between 700 and
1000° C. in an oven,

6. hot forming the blank or pre-shaped part from the step 5
into a hot formed part in a hot-forming apparatus,

7. hardening the hot formed part,

wherein the total time of steps 4 and 5 is 3 minutes or less.

20. The method for manufacturing a coated part according
to claim 19,

wherein step C comprises heating the coated steel to a
temperature between 700° C. and 1000° C. and keeping
the strip or blank at that temperature during a time period
of at most 30 minutes to anneal the coated steel,

wherein the step 4 temperature is 700° C.

[95]
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21. The method according to claim 20, wherein the zinc
alloy consists of the following composition in weight percent:
1.0<Al<5.0,

1.0<Mg<5.0,

at most 0.2 in total of one or more standard alloying ele-
ments Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi

remainder zinc and inevitable impurities.
22. The method for manufacturing a coated part according
to claim 19, wherein the step 4 temperature is 700° C.,
wherein the combined heating of step 4 and step 5 consists of
heating the blank or pre-shaped part to a temperature between
700 and 900° C. at an average heating rate of 16° C./s to 25°
C./s, wherein total time of steps 4 and 5 is 1.5 to 3 minutes.

23. A method for manufacturing a coated part having ten-
sile strength above 1200 MPa using hot forming techniques,
comprising the following steps:

1. providing an annealed workpiece selected from the
group consisting of a strip or a blank, said workpiece
having a thickness of 1.5 mm, said workpiece compris-
ing a steel substrate coated with zinc or a zinc alloy
before the annealing, wherein providing the annealed
workpiece comprises the following steps:

A. providing the steel strip or blank substrate,

B. coating the steel substrate with a layer of zinc or zinc
alloy,

C. heating the coated steel to anneal the coated steel, and

D. cooling the annealed coated steel to result in the
annealed workpiece, wherein the outer layer of the
coating of the annealed workpiece on average con-
tains more than 20 weight % Fe over a depth of 3 um,

2. if a strip is provided, cutting a blank from the strip before
or after the annealing,

3. optionally forming a pre-shaped part from the blank,

4. initial heating comprising heating the blank or pre-
shaped part at an average heating rate of 16° C./s ormore
from ambient temperature to a step 4 temperature
selected from the group consisting of 500° C., 625° C.,
and 700° C.,

5. further heating the blank or pre-shaped part from the step
4 temperature to a temperature above an Acl tempera-
ture of the steel substrate which is between 700 and
1000° C. in an oven,

6. hot forming the blank or pre-shaped part from the step 5
into a hot formed part in a hot-forming apparatus,

7. hardening the hot formed part,

wherein the total time of steps 4 and 5 is 3 minutes or less,
wherein the zinc alloy consists of the following compo-
sition in weight percent:
0to 1.6% Al,
0to 1.6% Mg,
at most 0.2 in total of one or more standard alloying

elements Pb, Sb, Ti, Ca, Mn, La, Ce, Cr, Ni, Zr, and Bi
remainder zinc and inevitable impurities.
24. The method according to claim 23, wherein the coating
remains solid during step 4 and step 5.

25. The method for manufacturing a coated part according
to claim 23, wherein the step 4 temperature is 700° C.,
wherein the combined heating of step 4 and step 5 consists of
heating the blank or pre-shaped part to a temperature between
700 and 900° C. at an average heating rate of 16° C./s to 25°
C./s, wherein total time of steps 4 and 5 is 1.5 to 3 minutes.
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